Several primary cell lines that support the complete replication of Cydia pomonella granulosis virus have been established from one culture of C. pomonella embryonic cells. Virus passaged three times in cells and once in larvae showed no change in restriction enzyme fragment patterns. Stages in virus replication observed by electron microscopy resembled those from in vivo studies. Cell lines that were maintained at or below 21 °C retained susceptibility to virus over a period of 4 years whereas the same cell lines maintained at 27 °C gradually lost their susceptibility and eventually could not be infected at all.
Introduction
Cydia pomonella, the codling moth, is an economically important pest on apples, pears and walnuts, and C. pomonella granulosis virus (CpGV) has been shown to provide very effective control in field trials in Europe (Glen & Payne, 1984; Huber & Dickler, 1976) and North America (Falcon et al., 1968; Jaques et al., 1981 Jaques et al., , 1987 . CpGV is produced commercially and has been registered in Germany, Switzerland and France. The virus has a narrow host range and can replace insecticides for the control of codling moth without harming beneficial insects. Further development of CpGV as a bioinsecticide requires studies on its molecular biology and possible genetic manipulation, for which a virus-permissive cell culture system is essential.
Successful in vitro replication of baculoviruses has been restricted to a small number of cell lines that support the replication of some nuclear polyhedrosis viruses (NPVs) (Lynn & Hink, 1980; Volkman & Knudson, 1986 ) and the non-occluded Oryctes (Crawford, 1982) and Hz-1 viruses (Granados et al., 1978) . Difficulty has been experienced in selecting stable permissive cell lines for granulosis viruses (GVs). Only a few reports of in vitro GV infection have been published (Miltenburger et al., 1984; Naser et al., 1984; Naser, 1986; Granados et al., 1986; Dwyer et al., 1988) but the resulting cell lines had low susceptibility and/or were unstable, losing their virus-permissive character after serial passage. Thus, no cell line has so far been obtained with which it has been possible to carry out detailed studies on GV replication or GV molecular biology.
In general, GVs, unlike NPVs, demonstrate limited tissue tropism with replication being confined to a few tissues of the larvae, the fat body in particular (Crook, 1991) . This may have contributed to the lack of success in establishing GV-permissive cell lines. However, attempts to select virus-permissive cell lines from tissues in which GV replication is known to occur (fat body, intestine and epidermis) have also been unsuccessful (Miltenburger et al., 1984) . Embryos have been shown to be the most successful source of GV-permissive cells and are derived from precursor cells of different origins (Miltenburger et al., 1984; Naser et al., 1984; Granados et al,, 1986; Dwyer et al., 1988 ). It appears that GVs are more fastidious in their host cell requirements since a much higher proportion of the primary cell lines that were tested for GV susceptibility were found to support NPV replication. GV occlusion bodies have also been observed in a pupal cell line derived from Plutella xylostella inoculated with a GV from Pieris rapae (Chen & Dai, 1988) .
Earlier studies have suggested that GV-permissive cells are firmly attached and slow growing and as a result must be passaged by scraping with low dilution ratios. These conditions, together with a low incubation temperature, have been used in this study to select CpGV-permissive C. pomonella cell lines. This paper describes the selection of C. pornonella cell lines and the conservation of their virus-permissive character. The stages in CpGV replication in two of the primary cell lines have been studied in detail. * The medium is supplemented with 10% FBS and the pH value adjusted to 6.4 with 1 M-KOH before the addition of serum.
centrations of 50 gg/ml streptomycin, 100 units/ml penicillin, 50 gg/ml gentamicin and 25 gg/ml amphotericin B.
Primary culture of embryonic cells. Primary cultures were established of C. pomonella cells from embryos from 2 to 4 day old eggs (Miltenburger et aL, 1984) and maintained at 21 °C. The medium originally contained 15% FBS and was gradually replenished with medium containing 10% serum.
Maintenance of cells.
Cells were maintained at 21 °C during the period of the primary cell line selection. Subsequently, stocks of cells were routinely maintained at both 18 °C and 21 °C. The cells were passaged once a month by scraping (split 1 : 3 or 1 : 4) with a medium change after 12 to 14 days. When cells were kept at 27 °C they were passaged every 12 to 14 days using the same split ratios and the medium was changed once a week.
For trypsinization, cells were washed in 2 ml of 0.25 % trypsin in Hanks' balanced salt solution (Sigma) and were then incubated in 1 ml of the trypsin solution for 10 to 12 min at room temperature until the cells began to lift. Resuspended cells were diluted with tissue culture medium and seeded into flasks. The medium was replaced after about 1 h at room temperature when the cells had attached. Conditioned medium, which had been in contact with cells for 24 h, was used at low seeding densities to facilitate cell growth.
Storage of cells in liquid nitrogen.
Samples of 0-5 to 1 "0 ml cells at a concentration of 2 x 10 ~ to 3 x 10 ~ cells/ml were frozen in complete medium containing 5 % DMSO in sealed plastic straws in the following manner. The straws were cooled gradually to -70 °C and kept for 1 h in nitrogen vapour before being immersed in liquid nitrogen. To recover the cells from storage the contents of a straw were thawed at 30 °C and seeded into a 25 cm ~ flask containing complete medium supplemented with antibiotics and incubated at low temperature. The medium was replaced as soon as the cells had attached, to remove the DMSO. Cells were allowed to recover at 27 °C in some circumstances but only for a few weeks.
Measurement of cell doubling times.
Growth rates were determined at 27 °C using two methods. First, duplicate flasks of cells were harvested by trypsinization at set time intervals after seeding, and the number of cells was counted using a Neubauer haemocytometer. Secondly, 10 to 20 predetermined fields were counted at regular time intervals, after seeding. The doubling times were estimated from the exponential part of the growth curve using the formula of Hayflick (1973).
C. pomonella granulosis virus. The CpGV isolates CpGV-M and CpG¥-E were those previously described (Crook et al., 1985) . CpGV-E3 and CpGV-M1 were cloned genotypes obtained from the CpGV-E and CpGV-M isolates respectively, using the method of Smith & Crook (1988) .
Infection ofC. pomonella larvae. Fifth instar larvae were each fed a 3 mm disc of apple skin dosed with 106 capsules or 105 infected cells or were injected with 1 ~tl of infectious tissue culture medium or haemolymph. The larvae were kept individually at 27 °C on semisynthetic diet (Guennelon et al., 1981) containing formaldehyde (4'8 g/l) and methoprene (juvenile hormone) (2.0 ppm of active ingredient) and which had been 7-irradiated at a total dose of 27-9 KGy.
Preparation of budded virus
(i) From haemolymph. Twenty-five CpGV-infected fifth instar C. pomonella larvae were bled by amputation of the second proleg on day 3 or 4 post-infection (p.i.). The haemolymph was collected in 5 ml of serum-free medium containing antibiotics in the presence of either an inert gas (argon or helium) or phenylthiocarbamide (a small crystal) to prevent melanization. The diluted haemolymph was filtered through a 0.22 or 0.45 gm filter ('Acrodisc', Gelman Sciences), and stored in small aliquots at -7 0 °C, since repeated freezing and thawing was found to reduce the titre of the sample. These preparations could be stored for long periods (at least 2 years) without a loss in potency.
(ii) From whole larvae. The method was a modification of that used by Chen & Dai (1988) . At 3 days p.i., 30 CpGV-infected fifth instar C. pomonella larvae were swabbed with 0.4 % hyamine, dried on filter paper and then chilled on ice. The larvae were homogenized in 5 ml serum-free medium containing antibiotics and phenylthiocarbamide, using a glass tissue-grinder. Following sonication for 30 s at 10 lam amplitude (MSE Soniprep 150), the homogenate was centrifuged at 2500 g for 20 rain at 4 °C. After re-extraction of the pellet with 3 ml of serum-free medium the pooled supernatants were filtered through a 0-45 gm filter and stored in aliquots at -70 °C.
Infection of cells. Cells in exponential growth phase were washed
once with serum-free medium. Virus inoculum (200 ~tl of diluted haemolymph plus 800 gl of serum-free medium for a 25 cm ~ flask) was added and the cells were incubated at 27 °C for 1 to 4 h with rocking. Mock-infected cells were treated with serum-free medium. The inoculum was then replaced with complete medium and incubation continued at 27 °C. In the case of semi-permissive cells it was necessary to replenish the medium at least once before the passage 1 virus was collected. Passage 2 virus was obtained by inoculating cells with complete medium containing passage 1 virus at the required titre for 4 h and then replacing the inoculum with fresh medium. Medium collected from infected cells was stored at 4 °C or -70 °C. Storage at -7 0 °C was essential for medium from cells that produced high levels of brown pigment because this inactivated budded virus if stored at 4 °C.
Determination of the TCIDso titre of CpGV. Ninety-six-well plates were seeded with 2 × 104 cells/well in fresh complete medium. After cell attachment, the medium was replaced with 100 gl of inoculum (serial dilutions in complete medium) and plates were incubated at 27 °C for 4 h with gentle rocking and tilting. The inoculum was then replaced with 100 gl of fresh complete medium and the plates were incubated at 27 °C. The medium was replaced after 6 days. After 10 to 11 days the wells were scored for the presence of viral plaques showing occlusion bodies. The median infectious dose (TCIDs0) was determined by probit analysis (Finney, 1971) .
Electron microscopy. The cells were washed in serum-free medium or PBS pH 7.4 and fixed in 2.5% glutaraldehyde and 1% osmium tetroxide. After washing and dehydration the cells were gently scraped off the plastic surface with a rod tipped with flexible silicone tubing. The cells were pelleted at low speed, dehydrated further in 100 % alcohol and embedded in Spurr's resin or E-mix (Fisons). Ultrathin sections were stained with lead citrate and uranyl acetate. T h e b a t c h A culture was passaged by scraping after 2 weeks u s i n g either a 1 : 5 or 1 : 10 split, a n d thereafter u s i n g a 1 : 3 split. Batch B was passaged after 3 weeks u s i n g a 1:3 split.
Results

Establishment and morphological characteristics of primary enbryonic cultures
T (Fig. l b) relative to the m o c k -i n f e c t e d c o n t r o l s (Fig. 1 a) . T h e infection r a d i a t e d out, initially resulting in a clear area a n d t h e n spread rapidly resulting in extensive infection a n d cell lysis after a further 2 days, R o u n d e d cells packed with rapidly moving granules were observed late in infection. Observations by electron microscopy showed the presence of occlusion bodies both by negative staining of lysed infected cells and in stained ultrathin sections (Fig. 2) . Progeny virus from each o f four consecutive passages in C p D W 1 cells was tested for infectivity to fifth instar larvae either by injection of budded virus (infectious cell culture medium) or per os administration of capsulecontaining cells. All the treated larvae died whereas mock-infected larvae showed no sign o f virus infection.
Restriction fragment profiles o f viral D N A derived from virus passaged twice in C p D W 1 cells and once in fifth instar larvae showed that with both C p G V -M and CpGV-E3 progeny virus was almost indistinguishable from the inoculum (Fig. 3 a) . However, three submolar bands absent from the inoculum virus were observed in virus o f each genotype passaged in cells and m a y indicate the presence o f tissue culture-derived variants in C p D W 1 cells.
The results o f these initial studies showed that C p D W 1 cells consisted o f a heterogeneous mixture o f cell types, most of which were permissive to CpGV. As a result, early attempts were made to produce more homogeneous cell lines, which might remain permanently virussusceptible, by selecting/cloning permissive cell types.
Selection of cell lines
The derivation of some o f the 14 C. pomonella cell lines ( C p D W 2 to CpDW15) selected from the C p D W 1 cells is shown in Fig. 4 
Cell line characteristics
The selected cell lines exhibited a range of different cell morphologies, showed different growth characteristics and all contained virus-permissive cells. They were mostly dark when viewed using phase contrast (phasedark) and, because they adhered strongly to the flask surface, they were passaged by scraping. Most of the cell lines produced pigment to some extent but those originating from cells that remained in the original flask for several months (e.g. CpDW12 and 15) produced much higher levels of pigment than other cell lines. The cell lines had doubling times (measured at 27 °C) ranging from 3"5 days (for CpDW6) to 4-8 days (for CpDW15).
Further work concentrated on CpDW14 and CpDW15 cells which, although showing substantial differences in morphology (Fig. l c and d) , capsule production and budded virus production (Table 2) , were both 100 % virus-permissive when maintained at 18 °C. As a result of the differences in budded virus production, the spread of infection was much faster in CpDW14 cells than in CpDW15 cells, especially when a low titre inoculum was used. In spite of this, there was only a slight difference in the sensitivity of these two cell lines when used as substrates for titrating CpGV.
Investigations on the CpDW14 cells and comparisons with CpDW1 cells are described below. Further studies on the CpDW15 cells which showed a very different cytopathology when infected with CpGV will be reported elsewhere.
Production of budded virus
Haemolymph from CpGV-infected larvae was found to be most infectious when harvested 3 or 4 days p.i. The presence of serum in the collection medium or the use of different pore sizes in the filtration of the haemotymph preparations have not been compared quantitatively. The titre of haemolymph preparations ranged from 103 to 10 ~ TCIDs0/ml. The best haemolymph preparations of about 105 TCIDs0/ml were consistently produced by carefully collecting a known volume of haemolymph from each larva and diluting with 20 volumes of serumfree medium before filtration through a 0'45 Jam filter. In haemolymph-infected cell cultures, the time for the peak rate of budded virus production varied between 5 and 8 days. This was usually 2 days after the appearance of the first few capsule-containing foci of infection. Passage 1 virus was removed from permissive cells 9 days p.i. when the maximum titre was reached; the titre decreased dramatically between 10 and 12 days p.i. in these cells. These times were reduced using higher titre inocula. The titre of passaged virus was greater than that of the haemolymph preparations and reached a peak at passage 2. However, there was a marked decrease in the TCIDs0/ml value at passage 3 (Table 3) . A significant reduction in occlusion body formation was also observed by this point.
Yields of budded virus from whole larvae
TCIDs0 values for extracts from infected larvae were >~ 105/ml. Larval extract was relatively easy to produce but was cytotoxic to CpDW14 cells at high concentrations (1 : 5 and 1 : 10 dilutions), although not to CpDW15 cells. This toxicity was eliminated by dialysing the extract against serum-free medium before filtration. Therefore, larval extract appeared to be a good source of viral inoculum.
Sensitivity of CpDW1 and CpDW14 cells to CpGV
The sensitivity to virus of CpDWI cells and CpDW14 cells, both recovered from storage in liquid nitrogen, were compared ( Table 3 ) and showed that the CpDW14 cells were more sensitive to CpGV than the CpDW1 cells. round up, became darker when viewed using bright field illumination and large dense 'bodies' were seen, first at the tapered ends of the cell and then at the periphery of the rounded cell. As the infection progressed the cells, including the nuclear region, became completely filled with dense rope-like material and no movement was observed inside the cell. This material appeared to break down, releasing masses of rapidly moving capsules into the cell. The cells were spherical and easily detached at this stage and the capsules were released by cell lysis.
Electron micrographs of early stages of CpGV replication in CpDW14 cells show that organelles were disrupted but the nuclear membrane was intact (Fig. 5 a) . No occluded virus was present at this stage although free nucleocapsids were scattered throughout the nucleus, which showed marked pathological changes with clearing and peripheral distribution of the nuclear components. At a later stage, the nuclear membrane disintegrated, resulting in mixing of the nuclear and cytoplasmic contents. Formation of occlusion bodies commenced at this stage (Fig. 5b) . The virogenic stroma could be differentiated from the nuclear contents and the granular and fibrillar components of the nucleolus were more pronounced (Fig. 5 c) . Large numbers of occlusion bodies were observed in both CpDW1 and CpDW14 cells late in infection and were often associated with masses of elongated capsid-like strands, both filled and empty ( Fig.  6a and b) . Darkly staining electron-dense spacers associated with capsule-containing areas were seen in some of the CpDW14 cells (Fig. 6a) . The pre-occluded virions had loose-fitting viral envelopes unlike those which had been occluded (Fig. 6 c) . Similar stages in the occlusion of the virions were observed both in the CpDW1 and the CpDW14 cells, showing that the virions were mostly occluded from one end. Partially occluded virus was found in CpDW1 cells 5 days p.i. (Fig. 6d) , and to a lesser extent at 8 days p.i. when most of the cells were filled with fully occluded virus of variable sizes (Fig. 2) . Budding of nucleocapsids from the cell surface was observed infrequently in the sections examined. Fig. 6 (e) shows a nucleocapsid budding from the surface of a CpDW14 cell. Peplomers were observed on the cell membrane in the region where budding occurred.
CpDW14 cells, like CpDW1 cells, thus showed what is regarded as typical replication for GVs, with disruption of the nuclear membrane, mixing of the nuclear and cytoplasmic contents, production of budded and preoccluded virus and the formation of occlusion bodies.
Replication of CpGV in CpDW14 cells
Light microscopy of CpDW14 cells (Fig. 1 e and f) showed a characteristic sequence of cytopathological changes following CpGV infection. The cells began to
Identification of progeny virus from CpDW14 cells
The EcoRI (Fig. 3b) and BamHI (data not shown) restriction fragment profiles of DNA from CpGV-M1 passaged one, two or three times in CpDW14 cells, and ii I ~S ~ g~ once in fifth instar larvae, showed that there was normal replication of CpGV in CpDWl4 cells even after three passages in the cells. The DNA profile of the virus used to obtain the initial infectious haemolymph was identical to that of the virus produced after passaging in cell culture.
Effect of temperature on virus susceptibility
When the CpDW14 cells were maintained at 27 °C for a long period they became predominantly neuroblastic in appearance forming a network of cells which showed structures resembling synaptic knobs at the end of long cell processes. These cells appeared bright by phase contrast microscopy. At 21 °C the cells showed a colonial growth form with rounded colonies of phase-bright spherical undifferentiated cells. A variety of cell types originated from the periphery of these colonies that had less distinct cell outlines and appeared dark when observed using phase contrast microscopy.
Cells that had been routinely maintained at 18 °C or 21 °C before infection retained their susceptibility to CpGV. However, after successive passaging at 27 °C, they became difficult to infect with CpGV-infectious haemolymph and the time for the appearance of occlusion bodies increased from 6 to 8 days to as late as 15 days p.i. The peak production of budded virus was also delayed from 8 to 10 days to 12 to 17 days p.i. After further passages at 27 °C, it was possible to infect the cells only if they had been pre-incubated at 18 °C overnight or for even longer. During this transition they were regarded as semi-permissive but, eventually, the virus-permissive character was completely lost. This phenomenon was observed to a lesser extent with CpDWl5 cells, which, after prolonged maintenance at 27 °C, needed pre-incubation for up to 7 days at 18 °C to guarantee infection. In all cases, regardless of the rate of infection, production of infectious levels of budded virus commenced only after the onset of capsule formation.
Discussion
This is the first report of cell cultures that are 100% susceptible to a GV. Although the cells have a heterogeneous morphology when maintained at low temperatures, it appears that they originate from the edges of colonies of rounded undifferentiated cells and probably have a common origin. Cells maintained continually in culture for up to 4 years were subjected to both low and high temperatures in the first 18 months and then subsequently maintained at 18 °C. These cells retained susceptibility over a period of 4 years, but to a lesser extent than early passage cells from liquid nitrogen that were maintained exclusively at the lower incubation temperature for 2 years. Several primary cell lines were derived from one batch of C. pomonella embryos and all were shown to be susceptible to CpGV as judged by the production of GV occlusion bodies. Progeny virus resulting from two passages in CpDWl or three passages in CpDW14 cells, followed by a single passage in larvae, was shown to give very similar restriction profiles to the inoculum virus. Virus obtained after four passages in cells was still infectious for C. pomonella larvae although infectivity titres of cell culture-derived virus indicated that the highest titres were obtained after the second passage and diminished in subsequent passages. Replication of two distinct CpGV genotypes was confirmed and showed that these infections were not the result of the activation of an inapparent infection in the cell lines, as has recently been demonstrated for an NPV in four fat body cell lines established from Mamestra brassicae (Hughes et al., 1993) .
The selected CpGV-permissive cell lines were very slow growing with doubling times ranging from 3"5 to 4.8 days. Slow growth rates have also been reported in the few other studies on GV-permissive cell lines. Four TnGV-permissive cell lines were shown to have a slower growth rate (1:5 split/week) than non-permissive lines (1 : 10 split/week) (Granados et al., 1986) . Miltenburger et al. (1984) selected two CpGV-permissive cell lines by weekly passage at split ratios of 1 : 4 and 1 : 2, respectively. One of these cell lines, Cp3300, had a doubling time of 3 days (Naser et al., 1987) and still contained viruspermissive cells at passage 22, after 1 year in culture. However, capsule production occurred in only 2 % of the cells 8 days after inoculation with infectious haemolymph and in only 20 % of cells inoculated with passage 1 CpGV (Naser et al., 1984) .
High titres of budded virus are needed to achieve the high m.o.i.s necessary for synchronous infection of cells. Naser (1986) reported that the low TCIDs0 values obtained for the CpGV tissue culture infectious virus produced by their cells did not permit synchronous infection. With our cells, the highest titres for CpGV were achieved after two passages in CpDW14 cells. However, the use of passage 1 virus was preferred since passage 2 virus resulted in progeny virus with a lower titre, suggesting that there may be differences in viral replication. Maximum titres obtained for passage 1 virus were approximately 106 TCIDs0/ml from CpDW14 cells, which allowed an m.o.i, of 1 to 2 to be achieved. CpGV titres were about two orders of magnitude less than those achieved for Autographa californica multiple nucleocapsid NPV (AcMNPV) in Spodoptera frugipera cells, e.g. l0 s TCIDs0/ml (Dougherty et al., 1975) . It may be possible to achieve higher titres for CpGV using either larval extracts as inocula or one of the untested cell lines.
In AcMNPV-infected cells, budded virus production commences before polyhedron formation but the peak of infectious virus production occurs after the start of polyhedron formation (Volkman et al., 1976) . This is in parallel with CpGV, where the peak of infectious virus production occurred after the start of capsule formation. However, there was a longer eclipse period in CpGV infections in vitro compared to AcMNPV infections of S. frugiperda cells. After infection of C. pomonella cells at an m.o.i, of 1, early signs of infection were observed 4 days p.i. and there was rapid spread of infection resulting in extensive capsule production after 6 days.
Several stages of CpGV cytopathology were observed on electron micrographs that suggested that free nucleocapsids were produced in the nucleus of the CpDWl4 cells before the breakdown of the nuclear membrane, and that occlusion occurred after this event, in the mixed nuclear and cytoplasmic region. There were similarities between structures observed on electron micrographs of CpGV-infected cells in vitro, and those of various GVs replicating in vivo. For example, occlusion from one end of the virion was observed in Plodia interpunctella GV (Arnott & Smith, 1968) and in the CpDW1, CpDW14 and CpDWl5 cells. Masses of coiled filaments resembling multiply elongated capsids were observed in CpDW1 and CpDW14 cells and have been noted in several other GV infections studied (Smith & Brown, 1965; Huger & Krieg, 1961; Tanada & Leutenegger, 1968) . Tanada & Leutenegger (1968) described a mass of coiled filaments in four cell types from C. pomonella larvae infected with CpGV. Stairs et al. (1966) observed filaments and 'long, straight, rods' in CpGV-infected codling moth larvae. Tanada & Leutenegger suggested these may be comparable to the long virus rods reported by Smith & Brown (1965) , who postulated that normal rods (i.e. nucleocapsids developed by segmentation of these long rods. An alternative but just as plausible hypothesis was proposed by Arnott & Smith (1969) on the origin of branched rods in GV infections of P. interpunctella, P. rapae and Melanchra persicaria, whose structure closely resembled the nucleocapsid-like strands in this and other studies. They suggested that the rods represent an alternative arrangement of the molecular units that under normal circumstances produce the capsule e.g. granulin and occlusion body membrane (epicapsular layer). From their electron microscope studies they provided evidence that the branching rods were attached to capsule-like bodies, that the epicapsular layer characteristic of normal capsules and for capsulelike bodies was continuous with that found on the rods and that all the branched rods had that layer. Studies on the immunochemical localization of granulin, capsid protein or epicapsular protein, for example, could answer this question. Thus, both the process of encapsulation and the production of masses of coiled capsid-like filaments reported here for CpGV replication in CpDW1 and CpDWl4 cells appear to occur in the replication of CpGV and other GVs in vivo. The pathological changes previously observed in the nucleus and the cell during GV replication in vivo also appear to take place in vitro. These include clearing of the nucleus and peripheral distribution of nuclear components before disintegration of the nuclear membrane, which has been observed in GV-infected midgut cells of Pseudaletia unipuncta (Walker et al., 1982) . Prominent nucleolar components were observed in CpDW14 cells where the nuclear membrane had broken down and the virogenic stroma and other nuclear material were intermixed. Similar enlarged and abnormal nucleoli have also been observed in the nuclei of GV-infected P. unipuncta cells and were associated with virogenic stroma (Tanada & Hess, 1992) . The occurrence of comparable structures and the similar sequence of events in GV replication in C. pomonella cell cultures suggests that analogous stages in GV assembly occur both in vivo and in vitro. Infected CpDW14 cells also showed structures resembling the electron-dense 'spacers' found in NPV-infected cells. These may be comparable to similar structures found in association with the fibrous structures containing the very late strongly expressed pl0 protein (van der Wilk et al., 1987) . Another possibility is that they are formed from the remains of the nuclear membrane.
An unexpected but significant finding of this work was the importance of maintaining the cells at a relatively low temperature to conserve their GV-susceptibility. The greater proportion of phase-dark cells showing complex morphology and the more pronounced colonial growth at low temperatures may reflect the degree to which the cells have differentiated. It will be interesting to find out whether cell lines susceptible to other GVs (and a wider range of NPVs) can be derived and maintained in this way. The significance of establishing stable cell lines that support the replication of GVs cannot be underestimated. They will provide an important tool for detailed investigations on the molecular biology of GVs and will allow the production of recombinant viruses for studies on gene function and for the development of improved biological insecticides.
